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JE JACOBS ENGINEERING GROUP INC.
ENVIRONMENTAL SYSTEMS DIVISION
4848 LOOP CENTRAL DRIVE • HOUSTON, TEXAS 77081* 1713)669-2200

JunelS, 1988

Mr. Gerardo Armador
Environmental Protection Agency
Region III
841 Chestnut Building
Philadelphia, Pennsylvania 19107

Re: Radon Gas Levels and Biotransformation of Compounds
Project No. 05B87700,
Work Assignment C03001
Du Pont Newport Site, Region III

Dear Gerardo:

Please find enclosed for your information:

1. Copy of Paper, Geological Factors that Influence Radon Availability. This
paper was provided by Douglas Gonzales, PhD, Senior Health Physicist, Jacobs,
to provide us a better understanding of Radon Gas sources.

2. Copy of Study, Potential Biotransformation of Chemical Compounds by
Rajagopal Krishnamoorthy, PhD., Jacobs. This study was conducted to
support a groundwater contamination assessment. Based on this study, PCE,
TCE, DCE, Methylene Chloride and Chloroform found in the North Disposal
Site, will degrade over a period of time. If the source is cleaned up. then the
groundwater contamination will eventually disappear.

Sincerely yours,

JACOBS ENGINEERING GROUP INC.

Paul Fikac
Region VI
Work Assignment Manager

PF/mjo

Enclosures

cc: M. Warner
File
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JE JACOBS ENGINEERING GROUP INC
ENVIRONMENTAL SYSTEMS DIVISION
8207 MELROSE DR., SUfTE 114 /IA To
LENEXA. KS 66214 »KV a-c^
(913)492-9218 ,

March ll/ 1988

Mr. Steven Kinser
U.S. Environmental Protection Agency
Region VII
Superfund Branch
726 Minnesota Avenue
Kansas City/ Kansas 66101

Re: Potential Biotransformations of Chemical Compounds
Detected at the Byers Warehouse Site
Work Assignment No. 225

Dear Mr. Kinser:

Please find enclosed an assessment of the results of chemical analysis of
water samples from the warehouse basement and Well No. 2/ in regard to
potential biotransformation processes.

Please contact Jill Biesma/ or me at 913-492-9218 'should you have any
Questions.

Sincerely/

Gary
Region VII Manager

GEP/djd

Enclosure

cc: Raja Krishnamoorthy
Linda McGowan
Chris Williams
Valda Terauds
Pam McKee
Mark Doolan
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March 14, 1988

TO: Steven Kinser, U.S. EPA Primary Contact

THRU: Jill Biesma, Jacobs Engineering Group Inc.,
Kansas City, MO (Region VII)

Linda McGowan, Jacobs Engineering Group, Inc.
Denver, CO (Region VIII)

Chris Williams, Jacobs Engineering Group, Inc.
Denver, CO (Region VIII)

Valda Terauds, Jacobs Engineering Group, Inc.
Albuquerque, NM

FROM: Dr. Rajagopal Krishnamoorthy, Jacobs Engineering
Group Inc., Houston, TX (Region VI)

SUBJECT: Evaluation of Groundwater Chemical Analyses Data
with Emphasis on Potential Subsurface Contaminant
Degradation at the Byers Warehouse Site, St.
Joseph, MO. Work Assignment No. 235

I. OBJECTIVE OF STUDY

In their memo of January 6, 1988, Vulcan Chemicals reported
that concentrations of several compounds detected in the
sample taken from Well No. 2 appeared to be "radically
disproportional to all of the previous analyses of the
basement intrusion water". The objective of this study was
to evaluate whether: (a) the basement water could have had
an influence on the quality of the groundwater sample taken
from Monitoring Well No. 2, and (b) such anomalies are
possible if the degradation of chemical compounds in
subsurface soils and aquifers is taken into consideration.

Limited site hydrogeologic information is presented below.
This discussion is followed by a summary of potential
biotransformation processes for each chemical compound
detected in the groundwater sample from Well No. 2.

II. BACKGROUND

A. Site Hvdroqeology (Refs. 1,2,3)

Very little site-specific hydrogeologic data is currently
available. This information consists primarily of data
collected during the installation of three groundwater
monitoring wells at the site. According to the boring logs
for these wells, the site is underlain by Holocene-age
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alluvium, which consists of clays, silts, sands, and some
gravel. The depth to bedrock is estimated to be greater
than 78 feet below the ground surface, as bedrock was not
encountered during boring No. 1, which was completed to a
depth of 78 feet. Other borings in the vicinity of the site
indicate that bedrock may be encountered at approximately
100 feet below the ground surface. Bedrock in the region
encompassing the site consists primarily of interbedded
limestones and shales. These units range in thickness from
less than a foot to approximately 20 feet, and are
classified as belonging to the Lansing and Kansas City
Groups, middle Pennsylvanian in age.

The unconsolidated deposits at the site appear to be
heterogeneous, with the primary water-bearing units being
silts, sands, and gravels interbedded within clay units.
All three wells (1, 2, and 3) were completed in wnat appears
to be clayey silts with a trace of sand and gravel. In each
boring, groundwater was first encountered at approximately
15 feet below the ground surface. Due to the limited
hydrogeologic data, the lateral and vertical continuity of
the water-bearing units and potential contaminant pathways
have not been defined.

Vulcan's consultant has presented a potentiometric contour
map of the unconfined alluvial aquifer, based on water level
elevations in the three onsite wells on November 19, 19S7.
This map, included as Figure 1, shows the general direction
of groundwater flow as toward the northwest. This figure
also indicates that Well No. 2 is directly down-gradient
from the warehouse basement, whereas Well No.l and Well No.3
are cross-gradient.

It should be noted that three data points may not provide
enough information to make a determination of the long-term
flow pattern. There is a potential that localized sources
of recharge (such as water lines, sewer lines) and drainage
conduits (such as the 13-foot brick-lined combination
sanitary-storm sewer adjacent to the site) may influence the
groundwater flow pattern at the site. Without further data,
potential contaminant pathways and groundwater velocities
cannot be extrapolated. Investigations pertaining to the
hydrogeologic conditions at the site are ongoing.

B. Site History (Refs. 2,4)

Byers Warehouse, located in a residential area in St.
Joseph, Missouri, was used to store banned fumigants and
pesticides. The building consists of two floors and a
basement. The basement contained Ethylene Dibromide (EDB)
in liquid formulations in 1 gallon, 5 gallon, and 55 gallon
containers. Over time, some of these containers leaked.
The basement floor has developed cracks and seepage of water
into the basement has been observed. The water level in the
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basement has risen and fallen several times since the
problem was discovered inadvertently by the local police.

The source of the basement intrusive water is not known at
the present time. Possible sources under consideration
include: (a) groundwater beneath the site, (b) water
draining from the roof or from areas near the warehouse
foundation during periods of precipitation, (c) a leaking
water or sewer lateral near the warehouse basement, and (d)
storm water flow in the combination storm and sanitary sewer
adjacent to the site.

The top floor of the warehouse currently contains dry
formulations of a Dimethylamine salt mixture containing
2,4,5-Trichlorophenoxyacetic Acid (2,4,5-T) and 2,4-
Dichlorophenoxyacetic Acid (2,4-D),, while the ground floor
contains both liquid and dry formulations of the same
compound.

III. EVALUATION OF THE RESULTS OF CHEMICAL ANALYSIS

The results of chemical analyses of groundwater samples
collected on December 8, 1987 from Well (Piezometer) No. 2,
and the results of chemical analyses of several standing
water samples from the warehouse basement and boiler room
(collected in August and September of 1986) are presented in
Table 1 (Ref. 5). The possibility of the occurrence of
contaminants in Well No. 2 as a result of leakage of the
chemicals in the warehouse basement is discussed in the
following paragraphs.

A. Hvdrogeological Data Related to Potential Contaminant
Migration

Well No. 2, which appears to be down gradient from the
warehouse basement, is located approximately 65 feet from
the northwest corner of the boiler room (Figure 2). The
first water strike in Well No. 2 occurred at approximately
14 to 15 feet below the ground surface. The well was
screened from about 15 to 25 feet below the ground surface.
The depth to water in the well was approximately 9.6 feet
below the ground surface on November 19, 1987 (Ref. 1). The
basement is estimated to extend about six to eight feet
below the ground surface. Thus, it is possible that the
basement floor is quite close to the water table in the
shallow alluvial aquifer. The existing data is not
sufficient for evaluating temporal variations in water
levels in the shallow alluvial aquifer at the site.
However, the possibility exists that high water table levels
during periods of heavy precipitation may, in fact,
intersect the basement. The possibility also exists that
the basement intrusion water may leach from the basement
into the vadose zone and then into the groundwater.

fiR3Q0825
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B. Other Factors Influencing Contaminant Transport

The transport of organic contaminants in groundwater is
affected by several factors in addition to groundwater
gradients and hydraulic conductivities of subsurface soils.
Transport of dissolved organic contaminants can be
influenced by advection, dispersion, sorption and
retardation, and chemical and biological transformations
(Ref. 21). Factors affecting the transport of immiscible
organic liquid phases include density and viscosity (Ref.
21). Thus, contaminant transport at a specific site is
highly dependent on the physical and chemical properties of
the contaminants in addition to the site environmental
conditions.

Additional data are required to assess the transport rates
and environmental fate of contaminants at the Byers
Warehouse site. However, microbial activity is believed to
be responsible for a portion of the observed differences in
contaminant concentrations associated with the groundwater
sample from Well No. 2 and the basement water samples.

Transformations mediated by microorganisms are generally
rapid compared to roost chemical reactions occurring in
shallow water table aquifers (Ref. 21). Many factors
affect the rates of biotransformation of organic compounds,
including water temperature and pH, the number and species
of microorganisms present, the concentration of the
substrata, the presence of microbial toxicants and
nutrients, and the availability of electron acceptors (Ref.
21) . Many shallow water table aguifers contain at least 106
microorganisms per gram of aquifer material (Ref. 7) and
surprisingly high numbers of bacteria have been found in
shallow, unconfined aguifers at depths of six meters or less
(Ref. 21). Thus, it is quite possible that conditions
suitable for biotransformation exist in the shallow alluvial
aquifer below the site.

C. Example of Potential Chemical Biotransformations in an
Aquifer Environment

The following paragraph presents the potential fate of
several organic contaminants with different potentials for
biotransformation in a hypothetical environment. This
scenario involves a bulk waste which releases a continuous
source of dissolved and unretarded solutes (U), and two
pulse sources (F and S) in a very simple hydrogeologic
domain: a uniform, unconfined sandy aquifer underlain by a
horizontal aquitard. One of the two pulse sources has a
specific gravity greater than one (S for sinker) and the
other has a specific gravity less than one (F for floater).
This hypothetical case is shown on Figure 3 (Ref. 21).

&R3QQ828



Figure 3.

Relative concentration

Continuous source of dissolved, unretarded solutes (U) and two pulse
sources: floater (F) and sinker (S). The aquifer is aerobic except within the
anaerobic U plume. Dissolved F degrades aerobically to COj and water.
Dissolved S degrades anaerobically to by-product SS, which is not readily
degraded and is less retarded than S or F (Ref .21).
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Assume the leachate from the bulk waste contains readily
biodegradable organic solutes. Assume also that the
resultant microbiological growth in the aquifer renders the
traversed zone anaerobic, as shown by the nonsorbing tracer
U on Figure 3. The remainder of the saturated zone stays
aerobic. A small source releases an organic liquid
"floater" F, which is slightly soluble. Once contaminant F
is dissolved, it can be completely mineralized (transformed
to CO,) under aerobic conditions, but it is not
biotransformable under anaerobic conditions. Another small
source releases an organic liquid "sinker" S, which is
slightly soluble. The dissolved contaminant S is not
transformable aerobically, but can be biotransformed under
anaerobic conditions to an intermediate SS, which is more
aobile than S and not readily degradable. In this case,
contaminant F disappears from the aerobic zone above the
leachate plume but persists .within the plume. Conversely,
contaminant S persists below the bulk leachate plume but
disappears within the plume. Contaminant SS, which would
not be found in the waste source itself, appears within the
bulk waste leachate plume as a result of biotransformation.
In this simplified portrayal, no contaminants are observed
in Well No. 1 as shown on Figure 3. Well No. 2, however, is
affected by the bulk leachate plume U, the persistent
portion of the F plume, and the transformation product SS.
•Well No. 3 is affected by contaminant S only.

The above discussion suggests that, (a) both aerobic and
anaerobic transformations of organic contaminants in
shallow, unconfined aquifers can occur given the proper
environmental conditions, and (b) depending on site-specific
conditions, anomalies can be observed between the
concentrations of contaminants at the source and in a
monitoring well.

D. Potential Biotransformations of Chemical Compounds
Detected at the Bvers Warehouse Site

The apparent disproportionalities observed for specific
compounds in Table 1 are evaluated in the following
paragraphs in terms of potential microbial transformations
in the shallow water table aquifer. Although other factors
such as chemical reactions and volatilization of the
contaminants could also play a role in the fate of the site
contaminants, these factors are not discussed in detail in
this report.

Specific data and information from selected research
literature are presented with each chemical compound
discussion, supporting the view that these processes may be
occurring at the site. Much of the referenced material
represents controlled laboratory experiments which may or
may not be similar to the field conditions. At this time,
the conditions of the aquifer relevant to biotransformation
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are not known. Therefore, while this report provides data
supporting the hypothesis that these processes may be
occurring at the site, the likelihood of the occurrence of
these processes and the associated rates of transformation
cannot be determined from the limited site-specific data.

More detailed information on biotransformations of these
compounds is presented in the Appendix.

(i) Ethvlene Dibromide (EDB); The range of EDB
concentrations found in the basement samples (including
•the boiler room) was 170 to 170,000 ppb and the
concentration in Well No. 2 was 30 ppb. Research has
shown that EOB degrades both aerobically and
anaerobically in aquifer material (Appendix). Under
experimental methanogenic conditions, greater than 99
percent of the EDB was removed in about four months.
Under aerobic conditions, 10 to 12 percent of the
initial EDB concentration was mineralized in five days.
Downward migration of EDB(sp.gr.=2.17 at 20°C; water
solubility =4000 mg/1 at 20&C,pH 7) along with partial
degradation by microorganisms could have resulted in
the low detected concentrations of EDB in Well No. 2.
Intermediate compounds were not observed, possibly due
to complete mineralization of the biodegraded fraction
by bacteria.

(ii) 1.1.2.2-Tetrachloroethene fPCEl; The range of PCE
concentrations found in the basement samples was
"not detected" (ND) (detection limit=l ppb) to 70 ppb.
The concentration in Well No. 2 was 740 ppb.
Undissolved fractions of PCE (sp.gr.=1.63 at 20°C;
water solubility=200 mg/1) could have migrated downward
to the bottom of the aquifer. A portion could have
dissolved in the water table and been detected in Well
No. 2. It is possible that the original concentration
of PCE in the basement before its discovery was greater
than 70 ppb. Research has shown that under anaerobic
conditions, PCE can degrade to trichloroethene (TCE)
in aquifer materials (Appendix). In laboratory
experiments initial ppm levels of PCE were
biotransformed to ppb levels of TCE in about two
months. Only a small fraction of PCE undergoes
transformation (reductive dechlorination). This could
have occurred in the aquifer at the site, resulting in
the detected 41 ppb of trichloroethene in Well No. 2.
The intermediates of PCE degradation, 1,2-dichlorethene
(1,2-DCE) and vinyl chloride (VC) were not detected in
Well No. 2, possibly due to further degradation to
harmless products (Appendix).

AR30083I



(iii)Carbon Tetrachloride (CT): The concentrations of CT
in the basement samples and Well No. 2 were
ND(1.0 ppb) to 44,000 ppb and ND(5.0 ppb),
respectively. Studies have shown that CT can be
biodegraded under both methanogenic and denitrification
conditions (Appendix). Both reductive dechlorination
to yield chloroform(CF) and hydrolysis to yield carbon
dioxide can occur. In laboratory experiments, nearly
complete transformations of CT were reported to have
occurred in three weeks to two months (Appendix).
Thus, complete transformation of CT may have occurred
in the site aquifer, leading to undetected levels of CT
in Well No. 2. The formation of chloroform from CT
night partially explain the detection of 350 ppb of
chloroform in Well No. 2. It has been observed that
less than 10 percent of CT is converted to chloroform
in reductive dehalogenation (Appendix). A portion of
CT could possibly have settled to the bottom of the
site aquifer(sp.gr.=1.59 i 20°C; water solubility=800
a»g/l 6 20°C,pH 7). The transport of CT through the
site soil materials could also have been retarded due
to its high octanol-water partition coefficient (log
Kow = 2.64).

(iv) Chloroform (CF); The concentrations of chloroform
observed in the basement water and Well No. 2 were 66
to 28,000 ppb and 350 ppb, respectively. Studies have
shown that chloroform can be degraded anaerobically by
methanogenic bacteria, but not by aerobic and denitri-
fication bacteria (Appendix). In laboratory studies in
the presence of methanogenic bacteria, CF was nearly
completely transformed to carbon dioxide in 16 weeks,
based on.an initial concentration of 34 ppb, and 70
percent transformed in 16 weeks, based on an initial
concentration of 157 ppb. In another study under
acclimated methanogenic conditions, CF was nearly
completely transformed to carbon dioxide after three
weeks of incubation. In this study, the initial
concentration of CF was less than 100 ppb (Appendix) .
Degradation of CF could have occurred in the site
aquifer, resulting in detection of a low level of CF in
Well No. 2. Methylene chloride, a structural analogue
of the CF, can be removed in an anaerobic environment.
As in the case of CT, a portion of -the CF could also
have settled to the bottom of the site aquifer
(sp.gr.=1.48 e 20°C; water solubility=8200 mg/1 £
20DC,pH 7). CF is the breakdown product of CT as
described above.

(v) Ethylene Dichloride (EDC^: EDC concentration of ND(1.0
ppb) to 14,000 ppb and 810 ppb were observed in the
basement water and Well No. 2, respectively. It has
been suggested that EDC can degrade both aerobically
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and anaerobically in groundwater. In laboratory
experiments, the primary transformation product was
carbon dioxide (Appendix). Under experimental
methanogenic conditions, a concentration reduction of
63 percent was observed after about six months of
incubation. Degradation of EDC could have occurred in
the site aquifer, contributing to the low level
detected in Well No. 2. Any undissolved portion of the
EDC could have also settled to the bottom of the
aquifer(sp.gr.=1.26 at 20°C; water solubility=8300 mg/1
at 20°c, pH 7).

(vi) TrichloroethenefTCE): The concentrations of TCE in the
basement water and Well No. 2 were ND(1.0 ppb) to 36
ppb and 41 ppb, respectively. TCE is an intermediate
during the degradation of PCE(Appendix) and hence PCE
degradation (a contaminant in the basement water in
addition to Well No. 2) could have contributed to the
detection of TCE in Well No. 2. Under anaerobic
conditions, initial ppm levels of PCE have been shown
to degrade by reductive dechlorination to ppb levels
of TCE in about two months (Appendix) . During a time
span of about one and a half years, it is possible that
740 ppb of PCE in Well No. 2 could have yielded 41 ppb
of TCE. It has been shown that reductive
dechlorination of TCE is isomer specific and produces
1,2-DCE, not 1,1-DCE under anaerobic conditions
(Appendix) . It has also been shown that under
methanogenic conditions, TCE can degrade slowly from an
initial concentration of 155 ppb to as low as less than
one ppb in about 10 months. TCE is not normally
degraded under aerobic conditions. TCE is generally
immiscible with and more dense than groundwater
(sp.gr.=1.46 at 20°C; water solubility=1000'mg/1 at
20°C, pH 7; log Kow=2.38). Thus, a portion of the TCE.
could have settled to the bottom of the aquifer, and
contributed to the concentration observed in Well
No. 2. , .

(vii)Methylene chloride CMC); The concentrations of
methylene chloride in the basement water and Well No. 2
were ND(10 ppb) and 6.1 ppb, respectively. Although
this compound was "undetected" in the basement water
and detected in Well No. 2, it should be noted that the
detection limit for the basement water was 10.0 ppb.
Hence, methylene chloride could possibly have occurred
in the basement water at a concentration below the
detection limit. In general, MC is expected to degrade
under aerobic conditions. In laboratory studies, MC
has been shown to be degraded by methane-oxidizing
bacteria and by Pseudomonas strains under oxygen-
limiting conditions. MC is a structural analogue of CF
and could be an intermediate formed during the
anaerobic degradation of CF. MC is a dense, soluble
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(polar) compound (sp.gr.-=1.33 at 20°C; water
solubility=20,000 ag/1 at 25°C) Thus, MC can settle to
the bottom of an aquifer or dissolve in water.

fviiil 1.1.2.2-Tetrachloroethane fl.1.2.2-TECA): The
concentrations of 1,1,2,2-TECA in the basement water
and Well No. 2 were NJ>(1.0 ppb) to 3 ppb and 8.3 ppb,
respectively. Since 1,1,2,2-TECA is dense(sp.gr.=1.63
at 20°C) and not very soluble in water (water
solubility-2,900 mg/1 at 20°C,pH 7), it is possible
that it could settle to the bottom of the aquifer. Its
transport could have also been retarded by sorption
onto soils (log Kow=2.56). It has also been shown that
1,1,2,2-TECA can be transformed to 1,1,2-
Trichloroethane (1,1,2-TCA) under methanogenic
conditions (Appendix). These factors could have
contributed to the disproportionality observed in the
chemical analyses.

(ix) 1.1.l-Trichloroethane fTCA); The concentrations of TCA
in the basement water and Well No. 2 were ND(1.0 ppb)
and 36 ppb, respectively. TCA is not expected to
degrade aerobically or under denitrification conditions
in groundwater(Appendix). It can be degraded to
1,1-DCA under anaerobic conditions and to 1,1-DCE under
abiotic conditions(Appendix). Since TCA is
dense(sp.gr.=1.34 at 20°C) and not very soluble in
water(water solubility=4,400 mg/1 at 20°C, pH 7), it is
possible that any TCA that might have originally been

' present in the basement water could have settled to the
bottom of the aquifer.> A portion could also have
dissolved in the groundwater, leading to detectable
concentrations of TCA in Well No. 2.

(x) 1.1-Dichloroethene(DCE); The concentrations of DCE in
the basement water and Well No. 2 were ND(1.0 ppb) and
35 ppb, respectively. DCE is a breakdown product of
TCA, which was detected in Well No. 2 at 36 ppb. It is
possible that the source of DCE in Well No. 2 was the
degradation of TCA. DCE is a dense contaminant(sp.
gr.=1.22) which .is immiscible in water(water
solubility=400 ppb at 20°C and pH 7). Thus, this
contaminant could have settled to the bottom of the
aquifer. Under methanogenic conditions, DCE in aquifer
material can be converted to vinyl chloride (Appendix).
An initial DCE concentration of 12.4 ppb was shown to
degrade in a laboratory experiment to 1 ppb in
approximately ten months.

IV. SUMMARY

This study has shown that anomalies such as the results of
chemical analyses at the Byers Warehouse site are possible
if a contaminant migration pathway exists between two



sampling locations and if biotransformation reactions have
occurred. Based on the above discussions it is quite
possible that a migration pathway exists between the
warehouse basement and Well No. 2. Furthermore, the
conditions in the shallow alluvial aquifer below the site
could potentially be suitable for biotransformation
processes to occur. Thus, biotransformation of the chemical
compounds detected in the standing water from the Byers
Warehouse is considered a potential factor in the observed
contaminant concentrations in the groundwater sample from
Well No. 2.

Potential transformation of the chemical compounds detected
in the samples of standing water from the warehouse basement
are summarized in Table 2.

While this study provides data supporting the hypothesis
that contaminant migration and biotransformation processes
may be occurring at the site, the likelihood of contaminant
migration and biotransformation cannot be determined from
the limited site-specific data.

The following activities are proposed for future
investigations to provide additional data for evaluating the
potential for biotransformation at the Byers Warehouse site:

o Assess the types and lateral and vertical concentration
distribution of microorganisms present, if any, in the
subsurface soil and the shallow alluvial aquifer.

o Assess the soil and groundwater of the shallow alluvial
aquifer in terms of the temperature; pH and reductive
potential(Eh); dissolved oxygen; electron acceptors
such as nitrates, sulfates, carbonates; methane;
sulfides; BOD; COD; TOC; and other nutrients. This
assessment should include the lateral and vertical
profiles of these parameters, if appropriate.

o Assess the presence of transformation products and
intermediates in soil and groundwater samples from the
shallow alluvial aquifer.

o Quantify the contaminants present in the groundwater at
the bottom of the shallow alluvial-aquifer.

o Determine the elevation of the basement and boiler room
floors relative to the water level in Well No. 2.

o Assess the average hydraulic conductivity of the
shallow alluvial aquifer at the site.
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APPENDIX

SELECTED TRANSFORMATION REACTIONS
FOR HALOGENATED ALIPHATIC COMPOUNDS
FOUND AT THE BYERS WAREHOUSE SITE
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TERMINOLOGY

COMETABOLISM; Refers to a microbiologically-induced change
in a molecule that modifies the compound somewhat, but not
to an extent sufficient for the responsible populations to
utilize the substrate as a source of energy or of any
nutrient element it contains. Hence, despite the alteration
in the molecule, it is not mineralized, and products of the
partial transformation accumulate in the environment.

Example: SUBSTRATE TRANSFORMATIONS BY BACTERIA

PRIMARY SUBSTRATES

AEROBIC & ANAEROBIC: GLUCOSE, ACETONE,
ISOPROPANOL,ACETATE,
BENZOATE, PHENOL

AEROBIC PRIMARILY: ALKANES, BENZENE, XYLENE,
1,2-DCA, CHLOROBENZENES,
VINYL CHLORIDE

CO-METABOLISM

OXIDATIONS: TCE, DCE, VINYL CHLORIDE,
1,2-DCA, CHLOROFORM

REDUCTIONS: TCA, TCE, PCE, DCA, DCE,
DOT, LINDANE, PCBS

ANAEROBIC DEGRADATION OR FERMENTATION; Metabolism in the
absence of oxygen. Occurs when the hydrogen acceptor is an
organic compound which has been generated within the cell by
metabolism of the original substrate. The general multistep
nature of anaerobic processes is depicted below:

Ancerobic Fermenfotion

Orijnnir COrbor. ̂  fmtmfn,n,,nn
Substrate "°* Proflocts

/tltctnom
V'V
lnt«rnc 1
Oxidation - Reduction

Aerobic Respiration

Organic
Suitroti

electron
flow

1

COrbon
, flO. C°2

02

Anaerobic Respiration

Orgsn
Substi

electron
flow

1

.. corbon
CQle 1.,, ' C°2

NC>3 or S0« or C03

Multistep Nature, of Anaerobic Operations.
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RESPIRATION: Respiration occurs when the hydrogen
(electron) acceptor is an inorganic compound from the
surrounding medium. Respiration may be further subdivided
with respect to the inorganic acceptor molecule. If it is
molecular oxygen, the respiration is referred to as aerobic.
If it is some other inorganic ion, such as nitrate, sulfate
or carbonate, the respiration is called anaerobic
respiration. The following figure compares the basic
features of fermentation and respiration.

INSOLUBLE OMOAMICS
AND COMPLEX

SOLUBLE ORGANIC

Hydrctyii* Eitraccllular Ensynwt

[ S I M P L E
SOLUBLE ORGANICS

AcMOfCnetit Acid - Producing Becterie

Mtthc

FORMIC ADD,
ACETIC ACID,
COjOne M2

**«.,

Hytfroijfncxjtrxiu

Hz- Producing
Boetfrifl

"OTHER VOLATILE
ACIDS AND
PRODUCTS

1
Mettiont - Producing Bocteric | ?

_J '

Summary of Electron and Carbon Flow in Heterotrophic
Metabolism

AEROBIC PROCESSES; Those biological processes that occur in
the presence of oxygen (electron acceptor).

ANOXIC DENITRIFICATION; The process by which nitrate
nitrogen (electron acceptor) is eventually converted
biologically to nitrogen gas in the absence of.nitrogen.

REDUCTIVE DEHALOGENATION; The biological replacement of a
halogen with a hydrogen atom under anaerobic or anoxic
conditions.

METHANE-UTILIZING BACTERIAL PROCESS; Process by which the
growth and respiratory activity of methane-utilizing
bacteria is enhanced under aerobic conditions with the
addition of nutrients , such that they can metabolize
synthetic organic chemicals (including halogenated
compounds) either as primary or as secondary substrates.
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TRANSFORMATION REACTIONS

COMPOUND

1.1.2.2-TetrachloroethenefPCE) - Solvent, Perchloroethene

TRANSFORMATION REACTION/PRODUCTS

Tetrachloroethylene (PCE) ——>Trichloroethylene (TCE)
CC12=CC12 CC12=CHC1

——>Dichloroethylenes (DCE) ——>Vinyl chloride(VC)
CHC1=CHC1 CHĵ CHCl

(Ref. 6,7,8,9)

——both cis- and trans- Dichloroethylene can be produced
(Ref. 8)

REMARKS

o May be transformed under proper environmental
conditions by microorganisms that are native to
groundwater (Re f.6).

o Process termed reductive dehalogenation, under
anaerobic conditions, and where methane-forming
bacteria are present and active(Ref. 6,7).

o Parent and intermediate compounds frequently found in
contaminated aquifers (Ref. 6,7).

o In aquifers, half-lives for reductive dechlorination
can be on the order of months to years (Ref. 6).

o Products of reductive dechlorination are, in general
more mobile.

o Under appropriate conditions, vinyl chloride can be
metabolized to harmless products (Ref. 7) .

o Reductive dechlorination of PCE and TCE in microcosms
composed of aquifer materials produced both (cis- and
trans-) isomers of l,2-dichloroethene(DCE) . Conditions
were 25°C, dark environment, reductive environment
(Eh=-60 to 60 mV) and neutral to acid pH(pH 5.0 to 7.2)
(Ref. 8). An Eh lower than 350 mV is reported to be
sufficiently reductive to effect significant
dechlorination. The highest mineralization rates have
been reported to occur at pH 8.0 and the lowest at pH
5.0 (Ref. 8).

o Initial ppm levels of PCE or TCE resulted in ppb levels
of TCE or DCE in seven to eight weeks, since only a
small fraction of parent substrate undergoes reductive
dechlorination (Ref. 8).

o Tetrachloroetheylene was biodegraded under laboratory
conditions within about eight weeks undermethanogenic
conditions (Initial concentration=200 ppb; 35°C and
incubated in the dark) (Ref. 9).

AR3008l*2



COMPOUND

Carbon Tetrachloride(CT) - Solvent, Tetrachloromethane

TRANSFORMATION REACTION/PRODUCTS

Reductive Dechlorination;

Carbon Tetrachloride(CT)——>Chloroform (CF)
CC14 CHC13

(Ref. 8, Ref. 10)

Hydrolysis;

Carbon Tetrachloride(CT)——>Carbon Dioxide(C02)

(Ref. 9, Ref. 10)

REMARKS

o The reactions were obtained in studies with aquifer
material microcosms. Reductive dehalogenation was
proposed as the transformation mechanism. Study
conditions: 25°C, dark environment, absence of oxygen,
neutral to acid pH, reductive potential(Ref. 8). Less
than 10 percent of the CT added, appeared as
chloroform. In two months, no trace of carbon
tetrachloride was observed.

o Under acclimated methanogenic laboratory conditions, CT
was almost completely biooxidized to C02• No
chloroform was detected (Ref. 9). The range of
concentrations used was about 10 to 30 micrograms per
liter, and incubation was at 35°C in the dark. Nearly
complete transformation of CT occurred after three
weeks of incubation (Ref. 9).

o Under anoxic, denitrification conditions in the
laboratory, transformation of CT was observed after
eight weeks in batch denitrification cultures. Both
reductive dechlorination to chloroform and hydrolysis
to CO2 was observed (Ref. 10). Initial concentrations
of CT were about 60 ppb. (Ref. 10).

COMPOUND

ChloroformfCF) - Solvent, Trichloromethane

TRANSFORMATION REACTION/PRODUCTS

Chloroform(CF)—>Carbon Dioxide(C0?)
CHC13

(Ref. 9)



REMARKS

Aerobic microorganisms do not normally break down CF
(Ref. 7,11).
Under acclimated methanogenic conditions in the
laboratory, CF was nearly completely transformed to C02
after three weeks of incubation (Ref. 9). The initial
concentration of CF was less than 100 ppb. The proposed
mechanism was biooxidation.
CF at initial concentrations of 60 ppb(concentrations
commonly found in groundwater)was not transformed under
denitrification conditions in the laboratory (Ref. 10).
Chloroform degradation can occur anaerobically (Ref.
11). In the presence of methanogenic bacteria,
chloroform was nearly completely transformed in 16 weeks
at an initial concentration of 34 ppb and about 70
percent transformed in 16 weeks at an initial
concentration of 157 ppb. Analyses were not made for
intermediates. Preliminary evidence has indicated that
methylene chloride, a structural analogue of chloroform,
can be removed in an anaerobic environment. Absence of
anaerobic conditions may explain why significant
degradation of chloroform has not been observed during
groundwater recharge (Ref. 11).

COMPOUND

Ethvlene Dichloride(EDC)-1.2-Dichloroethane. Ethylenechloride

TRANSFORMATION REACTION/PRODUCTS

Ethylene Dichloride(EDC)——>expected to degrade aerobically
CH2C1-CH2C1

(Ref.7)

Ethylene Dichloride(EDC)——>Carbon Dioxide(C02)
(methanogenic conditions)

(Ref. 9)

REMARKS

o Of the chlorinated hydrocarbons commonly found in
groundwater, a few compounds such as EDC(1,2-
dichloroethane) can be expected to degrade in aerobic
(oxygenated) groundwater (Ref. 7).

o In a laboratory study under methanogenic conditions,
1,2-dichloroethane at initial concentrations of less
than 100 ppb was found to be transformed. There was a
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concentration reduction of 63 percent after 25 weeks.
No other haloorganic intermediates from the transfor-
mations could be detected by gas chromatography/mass
spectrometry (GC/MS). The primary transformation
product for 1,2-dichloroethane was CO,, probably the
consequence of biological oxidations(Ref.9).

COMPOUND

Ethvlene Dibromide(EDB) - 1,2-Dibromoethane, Ethylenebromide

TRANSFORMATION REACTION/PRODUCTS

(a) Ethylene Dibromide(EDB)——>soluble intermediate
CH2Br-CH2Br

——>Carbon Dioxide (CO2)(by methane-oxidizing bacteria)

(Ref. 12)

(b) Ethylene dibromide(EDB)——>Carbon Dioxide(CO2)(aerobic
conditions)

(Ref. 13;15)

(c) Ethylene dibromide(EDB)——>degrades under methanogenic
(anaerobic conditions)

(Ref. 14)

REMARKS

o In a laboratory study under denitrification conditions,
no indication of transformation of EDB was observed
after eight weeks of incubation at an initial
concentration of 60 ppb(concentration commonly found in
groundwater) (Ref. 10). No significant degradation of
EDB occurred.

o EDB, a persistent chemical in the aquifer environment,
can be degraded and mineralized by methane-oxidizing
bacteria (Ref. 12). Mixed cultures of methanotrophs and
soil microorganisms were used. EDB could be degraded at
concentrations above one ppm. Methane is used as a
sole carbon source.

o Residual EDB in soil has been reported to be highly
resistant to both mobilization and microbial degradation
in contrast to freshly-added EDB. EDB is entrapped in
intraparticle micropores. Release of residual EDB into
aqueous solution was extremely slow at 25°C. Aerobic
degradation of residual by indigenous microbes was
negligible after 38 days compared to rapid removal of
freshly-added EDB. This suggests that EDB is present at
micropore sites that are sterically inaccessible to
bacteria (Ref. 13).



Under methanogenic (anaerobic) conditions of incubation,
the concentration of EDB in aquifer material tested in a
laboratory decreased from 194 ppb to less than one ppb
in 16 weeks (Ref. 14). Possible intermediates can be
bromoethanol and a very volatile end product.
EDB-treated aquifer material showed mineralization
without an acclimation period under aerobic conditions
(Ref. 15). The EDB mineralized increased linearly to 10
to 12 percent of the initial concentration by day five
and more slowly to 14 to 17 percent by day 11.

COMPOUND

1.1.2.2-Tetrachlorethane - (1,1,2,2-TECA)-Acetylene
Tetrachloride

TRANSFORMATION REACTION/PRODUCTS

1,1,2,2-Tetrachloroethane——>1,1,2-Trichloroethane
CHC12-CHC12 (1,1,2-TCA)

(methanogenic conditions)
(Ref. 9)

REMARKSBP̂ J ,—

The initial step in the transformation of 1,1,2,2-
tetrachloroethane-to 1,1,2-TCA appeared to be by
reductive dechlorination. The results were obtained
under methanogenic conditions, in continuous fixed film
columns in a laboratory study, with a two-day detention
time. An influent concentration of 2711 ppb was reduced
to an effluent concentration of 0.90to.7 ppb. (Ref. 9).

COMPOUND

Methylene Chloride(MC)-solvent. Dichloromethane,
Methylenedichloride

TRANSFORMATION REACTION/PRODUCTS

(a) Methylene Chloride——>expected to degrade aerobically
CH2C12

(Ref. 7).

(b) Methylene Chloride—>Formaldehyde—>Carbon Dioxide(CO2)
(air-tight conditions)

(Ref. 16)

(c) Methylene Chloride——>can be degraded by methane
oxidizing bacteria

(Ref. 12)



Trichloroethylene(TCE) was degraded from 477 ppb to
nondetectable levels in incubated groundwater with
methane-oxidizing bacteria, mineral nutrients, oxygen
and methane (Ref.12).

COMPOUND

1.1.Dichloroethene(1.1-DCE)-Solvent, 1,1-Dichloroethylene,
Vinylidene Chloride

TRANSFORMATION REACTION/PRODUCTS

(a) l,l-Dichloroethene(l,l-DCE)——>see notes for TCA
CH2CC12

(Refs. 6,14,17,20)

REMARKS

o Frequently found in groundwaters contaminated with PCE
and TCE (Ref. 6).

o Studies with methane-utilizing bacteria have shown that
DCE was degraded from an initial concentration of 630
ppb to 200 ppb in two to four days of incubation. No
transformation products were produced under these
conditions (i.e., vinyl chloride) (Ref. 19).

o Under anaerobic methanogenic studies in aquifer
material, 1,1-DCE was converted to VC as the daughter
product (Ref. 14). During 40 weeks of incubation, an
initial concentration of 124 ppb of 1,1-DCE was
degraded to less than one ppb.

o Vinyl chloride is produced by reductive dechlorination
of 1,1-DCE. Other processes are possibly involved
(Ref. 20). First order constants for depletion of
parent materials ranged from 3.57xlO"4 to 1.67xlO~4 per
hour.



Under denitrification conditions, 1,1,1-TCA was not
degraded after eight weeks of incubation. The initial
concentration was 61 ppb (Ref. 10).
Relatively rapid transformation of TCA to 1,1-DCA (90
percent after six days detention in large anaerobic
fixed film columns) occurred under biotic conditions.
Under groundwater conditions, abiotic transformations
(TCA to 1,1-DCE and TCA to acetic acid) might pre-
dominate in areas where little or no methanogenic
activity occurs (Ref. 17).

COMPOUND

Trichloroethene fTCE)-Solvent, Ethylenetrichloride

TRANSFORMATION REACTION/PRODUCTS

(a) Trichloroethene(TCE)——>see notes for PCE
CC12~CHC1

(Refs. 6,7,14)

(b) Trichloroethene(TCE)——>cis- and trans-1,2-
Dichloroethene(1,2-DCE)

CHC1=CHC1
(Ref. 8)

REMARKS

o Aerobic microorganisms do not normally degrade TCE
(Ref. 7,11).

o In aquifer material microcosms studies in an oxygen-
free environment, TCE was transformed to cis- and
trans-l,2-DCE by reductive dechlorination. Initial
concentrations of four to five mg/1 produced as much as
167 ppb of 1,2-DCE after about eight weeks of
incubation (Ref. 8).

o Anaerobic degradation of TCE in soil produced only 1,2-
DCE; no 1,1-DCE was observed (reductive dechlorination)
(Ref.18). Concentrations of 2000 ppb of TCE produced
25 to 78 ppb of 1,2-DCE after about 10 months of
incubation.

o Low concentrations of TCE may not result in anaerobic
degradation (Ref. 8).

o Under conditions of methane-utilizing bacteria, TCE was
degraded. Neither DCEs nor VC were produced. Only two
to four days were required to degrade an initial
concentration of 630 ng/ml to 200 ng/ml. (Ref. 19).

o A laboratory study with methanogenic (anaerobic)
aquifer material showed that TCE can be degraded from
155 ppb to less than one ppb in about 40 weeks
(Ref.14).
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REMARKS

MC can be expected to degrade in oxygenated groundwater
(aerobic conditions). (Ref. 7).
Under air-tiaht conditions, Pseudomonas strains growing
on MC as the only carbon and energy source may convert
MC to monochloromethanol, which spontaneously forms
formaldehyde. Formaldehyde can be partially assimilated
and partially oxidized to C02 (Ref. 16).
Under laboratory conditions, MC was degraded at
concentrations above one ppm by methane-oxidizing
bacteria (Ref. 12).
MC can be degraded in groundwater in the presence of
methane-oxidizing bacteria, mineral nutrients, and
oxygen. A decrease in MC from an initial concentration
of 91 ppb to about 9 ppb occurred in less than two days
(Ref. 12).

COMPOUND

1,1.1-Trichloroethane(1,1,1-TCA)-Solvent. Methylchloroform

TRANSFORMATION REACTION/PRODUCTS

Reductive Dechlorination and Abiotic Transformations:

(a) 1,1,1-Trichloroethane(1,1,1-TCA)—>Dichloroethane(DCA)->
CC13CH3 CH3CHC12

——>Chloroethane(CA)——>Ethanol——>Carbon Dioxide (CO2)
CH3CH2C1 CH3CH2OH

(b) 1,l,l-Trichloroethane(l,l,l-TCA) ——>l,l-Dichloroethene
CH2=CC12 (1,1-DCE)

CH2=CC12

——>Vinyl Chloride(VC)——>Carbon Dioxide(C02)
CH2=CHC1

(Ref. 6, 17)

REMARKS

o Trichloroethane is not expected to be degraded by
aerobic microorganisms (Ref. 7).

o Under appropriate conditions, vinyl chloride can be
metabolized to harmless products (such as CO2)(Ref. 7).

o In aquifer material microcosm studies, 1,1,1-TCA was
shown to be converted to 1,1-DCA under anaerobic
conditions (Ref. 8). Complete disappearance of 1,1,1-
TCA occurred within four to five months. The observed
pH range was 6.5 to 7.4 and the Eh range was -150 to 40
mV in seven to eight weeks (Ref.8).
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